In this paper we investigate ghost dark energy model in the presence of non-linear interaction between dark energy and dark matter. We also extend the analysis to the so called generalized ghost dark energy (GGDE) which ρ D = αH +βH 2 . The model contains three free parameters as Ω D , ζ(= ) and b 2 (the coupling coefficient of interactions). We propose three kinds of non-linear interaction terms and discuss the behavior of equation of state, deceleration and dark energy density parameters of the model. We also find the squared sound speed and search for signs of stability of the model. To compare the interacting GGDE model with observational data sets, we use more recent observational outcomes, namely SNIa from JLA catalog, Hubble parameter, baryonic acoustic oscillation and the most relevant CMB parameters including, the position of acoustic peaks, shift parameters and redshift to recombination. For GGDE with the first non-linear interaction, the joint analysis indicates that Ω D = 0.7192 ± 0.0062, b 2 = 0.146 
) and b 2 (the coupling coefficient of interactions). We propose three kinds of non-linear interaction terms and discuss the behavior of equation of state, deceleration and dark energy density parameters of the model. We also find the squared sound speed and search for signs of stability of the model. To compare the interacting GGDE model with observational data sets, we use more recent observational outcomes, namely SNIa from JLA catalog, Hubble parameter, baryonic acoustic oscillation and the most relevant CMB parameters including, the position of acoustic peaks, shift parameters and redshift to recombination. For GGDE with the first non-linear interaction, the joint analysis indicates that Ω D = 0.7192 ± 0.0062, b 2 = 0.146 +0.030 −0.026 and ζ = 0.104 ± 0.047 at 1 optimal variance error. For the second interaction, the best fit values at 1σ confidence are Ω D = 0.72091 ± 0.0065, b 2 = 0.0395 ± 0.0080 and ζ ≤ 0.0173. According to combination of all observational data sets considered in this paper the best fit values for third non-linearly interacting model are Ω D = 0.7287 ± 0.0062, b 2 = 0.0109 ± 0.0023 and ζ ≤ 0.00764 at 1σ confidence interval. Finally we found that the presence of interaction is compatible in mentioned models via current observational
Introduction
Accelerating expansion of the universe is a mysterious event in the modern cosmology. The most relevant observational results based on SNIa as robust standard candle around 1998 demonstrated that our universe is experiencing an accelerative phase of expansion at the late time. [1] [2] [3] [4] After that, other observational data sets provided by cosmic microwave background (CMB) [5] [6] [7] [8] and large scale structure as well as baryon acoustic oscillation 9-15 favored mentioned acceleration phase. On the other hand, there are many models to achieve the late time acceleration epoch for evolution of our universe. In a more general and famous approach, the responsible for mentioned phase is generically relegated to the influence of a strange form of energy which is the so-called dark energy (DE) . The simplest candidate for this approach is cosmological constant. [16] [17] [18] [19] Such proposal is noticeable in the case that the right underlying theory of gravity is supposed to be general relativity (GR). Moreover there are some approaches to modify gravity in cosmological scales, in order to include the late time accelerating epoch. [20] [21] [22] [23] Dynamical models of dark energy (models with time varying equation of state parameter) are also allowed from theoretical point of view, such models are supported by observational evidences. An incomplete list of examples includes time varying cosmological constant, 24 quintessence, [25] [26] [27] [28] [29] phantom fields, [30] [31] [32] [33] [34] [35] holographic dark energy which originate from quantum gravity approach, [36] [37] [38] [39] [40] [41] age graphic dark energy [42] [43] [44] and so on. An interesting problem which potentially can be resolved in dynamical approach is the so-called "coincidence problem", which simply asks "why dark energy component becomes dominant at present time?". Ghost dark energy (GDE), is another dynamical DE model introduced in. 45, 46 GDE is based on the Veneziano ghost field which has already been introduced to solve the U (1) problem in QCD theory. [47] [48] [49] [50] [51] In a Minkowskian spacetime there is not any observable consequence from the ghost field but turning into a dynamical spacetime the ghost field affects the vacuum energy density.
In the lowest level, ghost dark energy contribution to the vacuum energy density can be taken as Λ 3 QCD H, where H is the Hubble parameter and Λ 3 QCD is QCD mass scale. 46 In, 45, 52 authors showed that this contribution is enough to drive an acceleration in the cosmic background. Considering the values Λ QCD ∼ 100M eV and H ∼ 10 −33 eV one obtains Λ 3 QCD H ∼ (3 × 10 −3 eV ) which solve the fine tuning problem. 46 Another interesting feature of this model is that there is no need to introduce new degrees of freedom since GDE is totally embedded in the known physics. Different features of GDE is extensively studied.
53-59
The influence of the ghost field to the vacuum energy density was reconsidered in reference. 60 They found that, there exists a second order term proportional to H 2 which can contribute to the vacuum energy density. Accordingly, the ghost dark energy density can be redefined as 60 ρ D = αH + βH 2 where α and β are constants. The dark energy model which is based on this relation is called generalized ghost dark energy (GGDE). According to previous results represented in 60, 61 considering GGDE model, the second order term (βH 2 ) has opposite dynamical influence with respect to the linear term (αH). Subsequently, one can expect that some problems with GDE will be removed in the generalization approach.
As mentioned before, cosmological constant or in brief Λ is one of the first candidates can explain dynamical evolution of the universe with accelerating expansion rate. In the standard model of cosmology entitled ΛCDM, dark sectors namely, DE (Λ) and dark matter (DM) evolve separately and do not interact. However, because of the uncleared nature of both DE and DM, it is possible to consider interaction between the dark sectors in the universe and there is not any theoretical reason against such an interaction. 25 Interacting models are also capable to solve the coincidence problem. There also exists observational evidences which support the interacting models.
62, 63
Considering a typical interaction between DE and DM, there will arise a simple question that what the form of the interaction term is? Phenomenologically one can choose the interaction terms as a linear combination of ρ D and ρ m at the simplest level. However one can ask why just linear choices? when we work on GDE and GGDE models with a linear regime they suffer a negative sound speed. Seeking a solution to this problem and also looking for better consistency with observations, one can consider non-linear interacting models. Non-linear interacting models of DE have been introduced and studied in the literature. 64, 65 Also authors of 66 , showed that a product coupling, i.e., an interaction term which is proportional to the product of ρ D , ρ m and ρ D + ρ m can be consistent with observations. Next in, 67 Arevalo et al. proposed a general form of non-linear interaction term and studied the cosmic dynamics of the universe in presence of such an interaction term. For special cases of the non-linear interaction term they found analytic solutions which is consistent with the supernova type Ia (SNIa) data from the Union2 set. We will try almost a same choices of non-linear interaction terms in the GDE frame work.
Our aim in this paper is to consider a new form of non-linear interaction term seeking better agreement with observations and improving model defects such as stability. Observational consistency check has vital role not only for either to accept or to rule out underlying model but also for doing reliable comparison between different proposed theoretical models for describing the universe. Therefore, in this paper we put observational constraints on the free parameters of our interacting dynamical dark energy model. The most recent data for SNIa Joint Light-curve Analysis (JLA) sample will be considered. Also to make more completeness, we use Hubble parameter for different redshift from OHD dataset. Various measurements for determining the Baryon Acoustic Oscillation (BAO) including Sloan Digital Sky Survey (SDSS), Baryon Oscillation Spectroscopic Survey (BOSS), WiggleZ survey and 6dFGS survey are included. The major contribution of DE is at late epoch so here we consider the position of sound horizon, shift parameter and redshift of recombination from CMB observation, nevertheless it is possible to use CMB power spectrum to do much more completed evaluation. Finally, the joint analysis of all mentioned observational data to determine the best fit values for model free parameters has been done. As an other interesting investigation, one can explore the influence of GDE on the large scale structure in the universe, which will be done in separate work. One can find some examples for comparison of dark energy models with different observational data sets in.
68-76
This paper is outlined as follows. In the next section, we review linear interacting and non-interacting GGDE models in a flat universe. Section 3 is devoted to extension from linear to non-linear interaction. In section 4 we will rely on the most recent observational data to check the consistency of our model. To this end, following indicators will be taken into account: SNIa from JLA observations, Hubble parameter, Baryonic Acoustic oscillation and CMB observational quantities including shift parameter, location of the first peak and redshift to recombinations. We summarize our results in section 5.
GGDE model with a general interaction term in flat universe
In this section we review GGDE model in general case. We will focus on the absence and presence of an interaction term between dark sectors of our universe. In this paper we limit ourself to influence of GGDE on the background evolution of universe and for the sake of clarity, as a beginning task we start with the Friedmann equation in a flat universe:
where ρ r , ρ m and ρ D are the energy densities of radiation, pressure-less matter (including dark and baryonic) and dark energy, respectively. According to the GGDE model, 60 the energy density of the dark energy defined by:
The dimensionless energy density of various components are:
3)
where ρ cr = 3H 2 /(8πG), so the first Friedmann equation can be written as Ω r + Ω m + Ω D = 1. Here we assume that a coupling term (Q) exists between dark energy and dark matter components. So the energy conservation equations read as:
where w D = PD ρD and w r = 1/3. Summing above equations one finds the total energy density conservation equation:ρ + 3H(ρ + P ) = 0, where ρ = ρ r + ρ m + ρ D and the total pressure equals P = P r + P D . However we consider interaction between dark sectors of our cosmos, since pressure is determined by kinetic considerations, therefore it is possible to have particle production (annihilation) without changing to functional form of pressure. Also according to a prior information from observations we consider pressureless dark matter in our analysis. 
Taking the time derivative of (2.1) we find: 6) where y = ρ r /ρ D and u = ρ m /ρ D . Differentiating (2.2) with respect to time and also replacingḢ from (2.6), we reach the following relatioṅ
so the conservation equation for DE (2.5), takes to the form
and using the following relation 9) which is obtained from Ω D in (2.3), it is possible to rewrite (2.8) as 
11)
Now let us turn to the deceleration parameter which is defined in terms of scale factor a, as: 12) substitutingḢ from (2.6) and using the definition of Ω D in (2.3), one can finds 
Since we are interested in late time universe, the contribution of radiation is negligible. In this case, the above equation can be written as:
Hereafter we consider Ω r → 0 in all relevant equations, however for observational consideration, where the radiation has important contribution we will keep radiation density in relevant equations. Till now, we have shown the results in terms of a general form Q for interaction between DE and DM. To test the validity of the above results, we find the cosmological parameters w D and q for some definite interactions. In the case of non-interacting model, setting Q = Q ′ = 0 in (2.11), (2.13); we find 16) which are in agreement with the respective relations obtained in. 61 Another model for interaction is Q = 3b
. This interaction is linear in terms of ρ, with a coupling constant b 2 . In this case one finds that
ΩD . Substituting this value to (2.11) and (2.13) leads to: 18) and the evolution equation for energy density of DE is given by: 19) which are the same as the results in 61, 79 . In the next section we will consider some new non-linear functional forms for interaction between dark matter and dark energy. 
Non-linear interacting GGDE model in flat universe
As already mentioned, the main purpose of this paper is to examine the impact of non-linear interaction terms on the evolution of the universe. Beside to the notes mentioned in introduction, it has been shown in 80 that GGDE with specific nonlinear interaction terms is a well behaved model and it shows a radiation dominated phase at the early times, passes through a matter dominated phase and finally ends in a stable dark energy dominated epoch. Moreover considering the non-linear terms, cure the linearly interacting GGDE which suffers from the absence of radiation dominated epoch in the early times evolution of the model. 80 In choosing the form of non-linear interaction terms, we follow the prescription presented in. 67 The closed form of the interaction which includes a large variety of choices is
where ρ = ρ m + ρ D and b 2 is coupling constant factor also p, s and r are integer numbers and one can deduce from the dimensional analysis that they should satisfy p+s+r = 1. In the following we choose three non-linear interactions and investigate their properties and features. In the selection of these interactions we have noted that the model should be cosmologically accepted which means that the dynamical equations must be smooth. For instance selecting the interaction terms with p = 0, s = 0, r = 1 or p = 0, s = 2, r = −1, the dynamical equations of the model is singular and so the model is unphysical. It must point out that our assumption for functional form of interaction, Q, removes any degeneracy with modified Chaplygin gas model.
Model I
In this model we consider following non-linear interaction form
for this interaction, noticing (2.11) one finds that
and considering the fact that ρ = ρ m + ρ D , it can be rewritten as
By inserting this relation to (2.11) and (2.13) we find parameter. In order to discuss about the fate of the universe filled with DM and GGDE components we should consider the effective equation of state parameter:
Taking P m = 0, it can be found that w ef f = Ω D w D . Fig.(3) represents w ef f as a function of scale factor. Our results demonstrate that w ef f → −1 at future implying that the universe will end with a big rip. It can be seen from Fig.(3) that the universe enters a acceleration phase earlier for larger values of b. In this case the evolution of DE density parameter can be computed using (2.14), the result is
The evolution of DE density parameter versus a is depicted in Fig.(4) . In the left part of this figure, we turned to the impact of the coupling constant b on the density parameter evolution. This figure shows that for larger values of b the evolution of Ω D will be flatter. In the right panel of Fig.(4) , evolution of Ω D is plotted for different choices of ζ and best value for b 2 (see next section). This figure reveals that the main advantages of the squared term in the dark energy density happens in early stages of the universe. This result was expected because the second order term is very small at late epochs (due to smallness of H at late time ). So it seems that the second term just can affect the late time acceleration problem through its primary effects on the cosmic dynamics in earlier stages.
Currently our universe is in dark energy dominated phase, so any successful model must be able to result in a late time stable universe in the dark energy dominated phase. In order to consider the stability issue of a dark energy model we should discuss a covariant perturbation theory in an expanding background. However in this step we do not follow such a process. In fact, here we are interested to do a simple analysis to see if the universe shows signs of stability in the DE dominated phase.
To this end we consider the response of the cosmic background filled with GDE and DM to adiabatic perturbations in linear regime. The governing equation on the evolution of the universe in this analysis includes continuity, Euler and Poisson equations. Inserting a small perturbation in energy density of the background and obtaining the resulting equations on evolution of the perturbations up to the first order one findsδ 8) and taking into account the cosmic dynamic equations with non-linear interactions, after a little algebra one can find the squared sound speed as
In The evolution of scale factor as a function of time can be computed using Eq. (2.9) as follows:
where B ≡ 8πGα 3 . Fig. (6) illustrates the behavior of scale factor as a function of time.
Model II
In this model we consider the following form for non-linear interaction term
In this case, one finds that
2 Ω m consequently, we can rewrite the equation of state and deceleration parameters as
12)
It is easy to see that these relations in the late and early time limits approach to the non-interacting case, however they differ from non-interacting case in middle stages of evolution. It is also worth to mention that in this case the phantom divide can not be crossed. To make more obvious the mentioned behavior, we have plotted the relevant parameters.
In Fig.(1) we found that the evolution of w D versus scale factor. Fig.(2) indicates the deceleration parameter as function of scale factor for various choices of ζ and b 2 parameters. Increasing the value of b 2 causes to decreasing q and getting the negative value at earlier times while according to the right panel of Fig.(2) , larger values of ζ leads to the larger deceleration parameters. Note that to ensure q < 0 at the present time (a = 1), we should set ζ < 0.4. This theoretical constraint is consistent to the other observational constraints (the next section). (3) illustrates w ef f as a function of scale factor. Our results demonstrate that w ef f → −1 at future implying that the universe will end with a big rip as the previous case. It can be seen from Fig.(3) that w ef f gets more negative values by increasing the coupling b 2 . One can also finds the evolution of DE density parameter for this case as
14)
The left part of Fig.(4) corresponds to the impact of the coupling constant b 2 on the density parameter evolution. This figure shows that larger values of b 2 , extend the dominant era of Ω D . In right panel of this figure, the evolution of Ω D is plotted for different choices of ζ.
In this case the squared sound speed can be obtained as:
(3.15) Plotting v 2 s versus a in Fig.(5) reveals that the squared sound speed is always negative for different choices of constants implying that in present case, a late time stable GGDE dominated phase is a matter of doubt. It is also easy to see that by increasing b, the squared sound speed takes more negative values in contrast with the previous case.
Model III
The functional form of non-linear interaction for this model is considered as 
ΩD , and the EoS and deceleration parameters as
In this case the dark energy density parameter evolves as
The behavior of equation of state, w D , deceleration parameter, q, effective equation of state, w ef f and energy density of DE have been plotted in Figs. (1) , (2), (3) and (4), respectively. Finally the squared sound speed for this case reads Fig.(6) . This plot shows that the model in principle, can explain the late accelerating expansion of the universe. In the next section we are going to carry out the comparison between results given by our models and that of given directly from observation.
Observational consistency check
In this section, we rely on the most recent observational data sets to check the consistency of generalized ghost dark energy model accompanied by non-linear interactions between DM and DE. This approach enables us to put observational constraints on the free parameters of our model and asses how the presence of interaction is suitable as an alternative paradigm. The following observables for examination of the nature of dark energy can be used: I) Expansion history of the Universe II) Changing the evolution of gravitational potentials, causing to ISW effect III) Cross-correlation of CMB and large scale structures IV) Growth of structures V) Weak lensing In this paper we limit ourselves on almost evolution expansion indicators such as distance modulus of Supernovae Type Ia and the Hubble parameter, Baryon acoustic oscillations (BAO) and CMB including the position of first peak, shift parameter and redshift of recombination. Throughout this paper we have supposed that our Universe is flat, so Ω tot = Ω m + Ω b + Ω r + Ω D = 1, where Ω m , Ω b denote the density parameters of dark matter and baryonic matter respectively. Energy density of radiation and baryonic matter are fixed by other relevant observations. For more convenience, we indicate free parameters by Θ : {Ω D , ζ, b 2 }. The expected priors on these parameters are listed in Table 1 . Radiation density is fixed to Ω r = 2.469 × 10 −5 h −2 (1.6903). 81 The baryonic density is set to Ω b h 2 = 0.02222 ± 0.00023 
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99, 100
More recently a catalog made from SNLS and SDSS SNIa compilation which is called Joint Light-curve Analysis (JLA) was produced. 101 In this paper we consider constraints on model parameters coming from SNIa observations using JLA dataset including 740 Ia supernovae in the redshift range of z ∈ [0.01, 1.30].
101
Observation of SNIa does not provide standard ruler but rather gives distance modulus. This quantity is defined by:
where m and M are apparent and absolute magnitude, respectively. For the spatially flat universe the luminosity distance defined in above equation reads as:
where H = H/H 0 . To compare the observational data and that determined by our model, we apply the likelihood analysis. To this end, we use χ 2 which is defined as
where ∆µ ≡ µ obs (z) − µ(z; {Θ}) and correlation information of SNIa data sets is encoded in covariance matrix, C SN Ia . The observed distance moduli and the relevant covariance matrix can be found on the web site. 102, 103 Here µ obs (z) is observed distance modulus for a SNIa located at redshift z. Marginalizing over H 0 as a nuisance parameter yields 
OHD dataset
In addition to SNIa standard candles, we use Observational Hubble parameter Data (OHD). 105 In this case the chi-square is:
where H obs is observed Hubble parameter and H is given by Eq. (2.1).
Baryon acoustic oscillations
The footprint of oscillations in the baryon-photon plasma on the matter power spectrum is recognized by Baryon Acoustic Oscillation (BAO). The acoustic scale is so large therefore BAO are largely unaffected by nonlinear evolution. Usually, the BAO data is applied to measure both the angular diameter distance D A (z; {Θ}), and the expansion rate of the Universe H(z; {Θ}):
where D V (z; {Θ}) is volume-distance. The distance ratio is defined by
here r s (z; {Θ}) is the comoving sound horizon. In order to take into account various aspects of BAO observations, we use six BAO indicators including Sloan Digital Sky Survey (SDSS) data release 7 (DR7), 106 SDSS-III Baryon Oscillation Spectroscopic Survey (BOSS), 107 WiggleZ survey 108 and 6dFGS survey. 109 These measurements include redshifts in the range z ∈ [0.1, 0.7]. Table 2 reports the observed value of mentioned parameters.
The fisher information matrix is given by 
BAO is given in (4.10) and d obs (z) is reported in table 2. In the next subsection for sake of clarity, we will give proper explanation about the main constraints with CMB observations mainly affecting the background evolution.
CMB observations
The most popular quantities devoted to CMB power spectrum are the position of sound horizon in power spectrum (l a ), CMB shift parameter (R) and the redshift of recombination (z * ). The sound horizon angular scale at recombination in the flat Universe read as
The CMB shift parameter represented by R is defined by
here, the redshift at the recombination expresses as z * = 1048
Where the relevant parameters g 1 and g 2 can be found in Ref.
To consider the contribution of mentioned observational quantities, we use following likelihood function for CMB observation: and C CMB is as follows According to Planck TT+LowP data the most important parameters to use are 19) and C CMB is as follows In this paper we use the former observational quantities for CMB. Finally, we perform a MCMC analysis using joint likelihood of both standard rulers and standard candles. The combined chi-square function is:
The abbreviation (SHBC) stands in above equation is replaced by SNIa+Hubble+BAO+CMB. In the next subsection we will summarize the results achieved for best fit values of the free parameters and compare them.
Results
In the following, we present the observational constraints on the free parameters of ghost dark energy model with three interaction terms introduced in section 3.
Model I: Q = 3b 2 H −0.026 at 1σ confidence interval. Table 3 reports the value at 68% and 95% optimal variance errors. Upper left panels of Fig. 7 illustrates the marginalized likelihood functions and contours −0.0023 at 1σ confidence interval. Table 5 reports these values at 68% and 95% levels. Bottom panels of Fig. 7 illustrates the marginalized likelihood functions and contours for free parameters of this model.
In order to give a quantitative and robust measure to compare three interacting dark energy models with ΛCDM model as a reference model, we must go beyond computing χ 2 and take into account the number of degrees of freedom (dof). Referring to the fact that higher degrees of freedom usually cause to more consistency of the model and observations, we use AIC 112 and BIC 113 criteria. AIC is defined by: 22) and BIC 113 is given by:
In the above equations, g is the number of free parameters and N is the number of observational data sets used for constraining. The relative form of mentioned criteria are in principle utilized, namely ∆AIC = ∆χ 2 min + 2∆g and ∆BIC = ∆χ 2 min + ∆g ln N . The lower values of ∆AIC and ∆BIC, the more favored model by observational data sets. Regarding the capability of AIC and BIC measures, the former does not consider the number of observational data set, while the latter takes into accounts observations. 114 Since three models introduced in this paper have same degrees of freedom, therefore ∆AIC and ∆BIC don't make sense. Subsequently we compute χ 2 min for ΛCDM model considering two free parameters and suppose to be a reference model. In such case ∆AIC less than 10 corresponds to consistent model with respect to the reference model. Our results demonstrate that our three interacting dark energy models are supported by observations, but they are worse than ΛCDM model but still are good models. If we consider only SNIa dataset, the corresponding χ The relevant results for our three cases accompanying ΛCDM are summarized in Tabs.6, 7 and 8 . For SNIa observational constraint and its combination with Hubble+BAO, we find that all non-linear interacting dark energy models are relatively good models. While for SNIa+Hubble+BAO+CMB, all non-linear interacting models are worse than ΛCDM but they are relatively good models in the sense of declaring observations. Finally, in order to compare three models of dark energy introduced in this paper, we indicate the behavior of Ω D , q, v 
Summary and Conclusion
Ghost dark energy (GDE) is one of interesting models that solves the recent acceleration problem. A great point about GDE is that this model is based on the Veneziano ghost field which has already presented in the literature and there is no need to introduce any additional degree of freedom in physics. This model also solves the coincidence problem. 52 However, GDE shows signs of instability (due to negativity of adiabatic squared sound speed v 2 s ) in non-interacting and linear interacting domain. It is possible to switch from GDE to the generalized ghost dark energy (GGDE) which ρ D = αH + βH 2 . We also extended the interaction between DE and DM to non-linear regime seeking for better agreement with observations and improving the negativity of squared sound speed of the model.
To this end, we proposed three forms of non-linear interaction terms and investigated different features of these models. Generally, one can consider the functional form Q ≡ f (H, ρ m , ρ D , ρ tot ) for interaction between dark sectors of the universe with a coupling coefficient denoted by b 2 . We considered GGDE with non-linear interaction terms in the form Q = 3b (Fig.8) , which is a sign of stability of this model. However the squared sound speed of models II, III remains negative. Considering the variations of q, w ef f (Fig.8) , one can see that all models show the expected behavior of deceleration in the past and acceleration in the present time and future, in fact there is a transition from decelerating to accelerating phase at z = 0.69, z = 0.67 and z = 0.66 for models I, II and III respectively. Our results also show the phantom behavior of DE in the model I at late times. In the case of third model, w D takes large negative values at very early times but it does not affect the model due to the negligible value of Ω D at the early times. It is also notable that Ω D of the first model takes non-zero values in the early universe. This is another difference of model I and models II and III.
For observational consistency check, we used Joint Light-curve analysis (JLA) for SNIa and used Hubble parameter for different redshifts. Six observational indicators of BAO and 3 well-defined CMB parameters have been used for that purpose. −0.0023 and ζ ≤ 0.00764 at 1σ confidence interval. Based on ∆AIC and ∆BIC criteria reported in tables 6, 7 and 8 and considering ΛCDM model as reference cosmological model, we found that all non-linear interacting dark energy models are compatible with current observations. Extending our approach to constraint on the models based on large scale structures and those observations beyond zero order perturbations could be interesting especially for discrimination between different models of interacting dark energy. This part of research is in progress and we will be addressing them later.
